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• Experiment at BESIII

• Prospects at HL Τ𝑱 𝝍 Factory:
polarization, energy compensation

• Bonus: 𝜂′ super factory …
Snowmass 2nd Oct. 2020 Townhall meeting

𝒆+𝒆− → Τ𝑱 𝝍 → 𝚲ഥ𝚲 , ഥ𝚵−ഥ𝚵+
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∆𝐼 = Τ1 2

weak CP-odd phases for S and P waves

strong phases

CP violation in hyperon decays

S and P transitions

For Λ → 𝑝𝜋− admixture of ∆𝐼 = Τ3 2 (~1/22)

Experimentally accessible two
decay parameters:

Λ → 𝑝𝜋−

Ξ− → Λ𝜋−



𝑝 ത𝑃Λො𝑛

𝜋−

Weak decay 𝜦 → 𝒑𝝅−

Λ rest frame

p=100 MeV/c

𝑑Γ

𝑑Ω
=

1

4𝜋
(1 + 𝛼− ො𝑛 ത𝑃Λ)

𝛼Ξ=-0.392±0.008 

𝛽Λ=-0.075±0.040 𝛼Λ= 0.750±0.010 

𝛽Ξ=-0.034±0.013 

Accesible if daughter baryon polarization 
measured eg decay sequence:
𝚵 → 𝚲𝝅, 𝚲 → 𝒑𝝅



In the leading order:

Testing CP violation in hyperon decays (say 𝚵)

strong S-P
phase diff.

weak P-S
phase diff.

Experimentally accessible two
decay parameters:



−3 × 10−5 ≤ 𝐴Λ ≤ 4 × 10−5

−2 × 10−5 ≤ 𝐴Ξ ≤ 1 × 10−5

−5 × 10−5 ≤ 𝐴ΞΛ ≤ 5 × 10−5

Tandean,Valencia PRD67 (2003) 056001

𝐴ΞΛ ≈ 𝐴Ξ + 𝐴Λ = (0.0 ± 5.1 ± 4.4) × 10−4

1.2×108 Ξ− 4.1×107 തΞ+

HyperCP PRL 93 (2004) 262001

𝒆+𝒆− → Τ𝑱 𝝍 → 𝚵−ഥ𝚵+ → 𝚲𝝅−ഥ𝚲𝝅+ → 𝐩𝛑−𝛑−ഥ𝐩𝛑+𝛑+

CKM

Can one observe strange baryon CPV?

present best limits…

Ξ− → Λ𝜋− → 𝑝𝜋−𝜋−

AΛ = -0.006 ± 0.012± 0.007



BESIII 
1010 J/ψ

PRD 93, 072003 (2016)
PLB770,217 (2017)

PRD 95, 052003 (2017) 

𝑱/𝝍, 𝝍(𝟐𝑺) → 𝑩ഥ𝑩 Number of events at BESIII

ℬ Λ → 𝑝𝜋− = 0.639(5)



Exclusive joint angular distribution

𝒆+𝒆− → (𝜦 → 𝒑𝝅−)(ഥ𝜦 → ഥ𝒑𝝅+)

Λ → 𝑝π−: ෝ𝐧1 → (cos 𝜃1 , 𝜙1) ഥΛ → ҧ𝑝π+: ෝ𝐧2 → (cos 𝜃2 , 𝜙2): 𝜶𝚲

Fäldt, Kupsc PLB772 (2017) 16

: ഥ𝜶𝚲

5D PhSp

𝚫𝚽 ≠ 𝟎 ⇒ 𝐢𝐧𝐝𝐞𝐩𝐞𝐧𝐝𝐞𝐧𝐭 determination of 𝜶𝚲 and ഥ𝜶𝚲

1 + 𝜶𝝍 cos2 𝜃Λ

+𝜶𝚲 ഥ𝜶𝚲 1 − 𝜶𝝍
2 cos( 𝜟𝜱) sin 𝜃Λ cos 𝜃Λ (𝑛1,𝑥𝑛2,𝑧 + 𝑛1,𝑧𝑛1,𝑥)

+𝜶𝚲ഥ𝜶𝚲 sin𝟐 𝜃𝛬(𝑛1,𝑥𝑛2,𝑥 − 𝜶𝝍𝑛1,𝑦𝑛2,𝑦) + (cos2 𝜃Λ + 𝜶𝝍)𝑛1,𝑧𝑛2,𝑧

+ 1 − 𝜶𝝍
2 sin( 𝜟𝜱) sin 𝜃Λ cos 𝜃Λ (𝜶𝚲𝑛1,𝑦 + ഥ𝜶𝚲𝑛2,𝑦)

𝝃 ∶ (cos 𝜃Λ , ෝ𝐧1, ෝ𝐧2)

𝑑Γ ∝ 𝑊 𝝃; 𝜶𝝍, 𝜟𝜱, 𝜶𝚲, ഥ𝜶𝜦 =



𝜌 Τ1 2, Τ1 2 =
1

4
෍

𝜇ഥ𝜈

𝐶𝜇ഥ𝜈 𝜎𝜇
𝐵1⨂𝜎ഥ𝜈

ത𝐵2General two spin ½ particle state:

Baryon-antibaryon spin density matrix

(unpolarized) 𝒆+𝒆− → 𝑩𝟏
ഥ𝑩𝟐

𝐶𝜇ഥ𝜈 =

(𝜎0= 𝟏2, 𝜎1 = 𝜎𝑥 , 𝜎2 = 𝜎𝑦 , 𝜎3 = 𝜎𝑧)

E.Perotti, G.Faldt, AK, S.Leupold,JJ.Song PRD99 (2019)056008

𝑃Λ

𝛽𝜓 = 1 − 𝛼𝜓
2 sin ΔΦ 𝛾𝜓 = 1 − 𝛼𝜓

2 cos ΔΦ

Angular distribution:

−1 ≤ 𝜶𝝍 ≤ 1



BESIII result

BESIII Nature Phys. 15 (2019) 631

420593 events

𝑒+𝑒− → (Λ → 𝑝π−)(ഥΛ → ҧ𝑝π+)

399 background 1.31x109 J/ψ



AΛ = -0.006 ± 0.012± 0.007

AΛ =
𝛼− + 𝛼+

𝛼− − 𝛼+

CP test: 

Prospects for CP tests Τ𝑱 𝝍 → 𝚲ഥ𝚲

Τ𝑱 𝝍 → 𝚲ഥ𝚲

|𝐴Λ | ≤ 4 × 10−5

Tandean,Valencia PRD67 (2003) 056001

CKM

Events Stat error AΛ

BESIII(2018) 4.2 ⋅105 1.2⋅ 10-2 1.31 109 J/ψ

BESIII(full stat) 3.2 ⋅106 4.4 ⋅10-3 1010 J/ψ
L=0.47⋅1033 cm-2s-1

SCTF 4.5 ⋅ 108 3.1 ⋅10-4 2⋅1012 J/ψ L=1035 cm-2s-1



𝜌 Τ1 2, Τ1 2 =
1
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෍

𝜇ഥ𝜈

𝐶𝜇ഥ𝜈 𝜎𝜇
𝐵1⨂𝜎ഥ𝜈

ത𝐵2

Polarized 𝒆− beam

𝒆+𝒆− → 𝑩𝟏
ഥ𝑩𝟐

𝐶𝜇ഥ𝜈 =

ത𝑃Λ

| ത𝑃Λ|

𝑃(𝑒−)

𝜎 𝐴Λ 𝑁

𝜎 𝛼Λ 𝑁

𝝈 𝑨𝜦 =
𝟐. 𝟎

𝑵

𝜎 𝐴Λ =
8.8

𝑁



Goal for  HL Τ𝑱 𝝍 Factory: >1013 J/Ψ 

Monochromator



η’ Super Factory

J/Ψ

HL Τ𝑱 𝝍 factory: >5×1010 𝜼′

1010 J/Ψ  5x107 η’ 

low background/large acceptance



Potential to test CPV in hyperon decays 𝐴Λ,Ξ < 10−4 using Τ𝐽 𝜓 →
𝐵 ത𝐵 decays CKM estimate: (1-5) ⋅10-5

BESIII :                1010 Τ𝐽 𝜓
SCTF:           2 × 1012 Τ𝐽 𝜓
HL Τ𝐽 𝜓 Factory: > 1013 Τ𝐽 𝜓 (monochromator)

+ polarization
(equivalent to × 16 more Τ𝐽 𝜓 → ΛഥΛ data)

Τ𝐽 𝜓 → ΞതΞ measurement of 𝛽Ξ and direct measurement of the weak
phase difference

P. Adlarsson, AK Phys.Rev.D 100 (2019) 114005

Conclusions: 



• Work/White book: roadmap for CP violation observation in 
hyperons, strategy to deal with main syst uncertainties.

• Joint efforts with SCTF (extension, different detector 
concept) 

• Hope for interest from Lattice/theory to calculate SM 
predictions for CPV in hyperons

• Other physics topics for HL Τ𝐽 𝜓 Factory


